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By David Olson MS, MD

The wood of the 
spruce tree 
has been used 

for centuries as the 
ideal soundboard for 
stringed musical in-
struments. The best of 
these instruments rep-
resent the most valuable and cherished 
wooden objects in existence. The average 
auction price for a Stradivari violin 
currently runs into the tens of millions of 
dollars, despite being constructed entire-
ly of a few ounces of Italian Spruce and 
European Sycamore. Closer to home, the 
most valuable acoustic guitars from “Big 
Three” guitar manufacturers (Martin, 
Gibson, and Taylor) can reach five fig-
ures, and feature temperate and tropical 
wood sourced from every hemisphere. 

The vibrating heart of the instrument 
is the soundboard; it’s the top of the gui-
tar facing the listener and radiating the 
music that has made the acoustic guitar 
the most popular stringed instrument in 
the world. There are good reasons why 
guitar manufacturers favor spruce wood. 
The combination of high stiffness and 
relatively low density favors the efficient 
transfer of energy from the nearly silent 
vibrating string to the guitar body, which 

can transform the energy of that vibrat-
ing string into music of startling intensity 
and beauty.  

Sitka spruce, sourced from the west 
coast of North America, is a relatively 
plentiful and a popular choice, account-
ing for nearly 90% of the acoustic guitars 
sold in the United States. The selection, 
handling, and milling of this wood is ex-
tremely specialized, and only a few mills 
in the world specifically process tone-
wood for musical instruments. The larg-
est of them all is Pacific Rim Tonewoods 
(PRT), located in the rainy foothills of the 
Cascade Mountains of Washington State.  

The sound of wood
PRT’s founder, Steve McMinn, recog-

nized early on that the acoustical prop-
erties of stiffness, strength, and density 
could be optimized for a given piece of 
wood with careful milling technique. For 
example, every billet of spruce at PRT 
produced over the past 40 years is split 
along the grain, and the resulting boards 
are carefully quartersawn, resulting in 
the maximal strength and stiffness from 
each board both across and along the 
grain. Such attention to detail has made 
PRT the world’s top supplier of spruce 
tonewood, producing over 300,000 guitar 
tops per year and over a million linear 
feet of bracewood stock, which becomes 

the wood that undergirds the sound-
board and forms part of the vibrating sur-
face. This output may be small compared 
to a typical lumber or pulp mill, but it 
enormous by the standards of a tone-
wood supplier.  

Given these best milling practices, 
there is still a great deal of variability in 
the acoustical properties of the wood. 
Even wood from the same tree can vary in 
its stiffness, density, and a third import-
ant variable, damping. Damping refers to 
the “internal friction” of the wood and is 
a measure of how long a board vibrates 
when it is compelled to vibrate. In order 
for wood to have a desirable “ring,” the 
damping factor must be low. As it hap-
pens, all of these factors can be mea-
sured, again using techniques previously 
developed by the lumber industry. 

At PRT, a decision was made to mea-
sure these factors on a representative 
sample of the output of the mill, essen-
tially dipping a cup into the river of tone-
wood flowing out of the mill, and testing 
its quality. We use a technology, known 
as “Beam Identification for Non-Destruc-
tive Grading” or BING, developed at the 
Wood Products Laboratory of the Uni-
versity of Montpelier, France, to simul-
taneously measure these three variables 
with a single acoustic signal in a matter 
of seconds per board. We have tested 
approximately 5,000 pieces of wood over 
the past several years, and we now have 
the world’s largest normative database, 
encompassing the range of variability in 
stiffness, density and damping for several 
species of spruce.  

The next step is to put this knowledge 
to work, to help manufacturers improve 
the sonic quality of their instruments. We 
first needed to test the concept scientifi-
cally, by making perceptual tests of gui-
tars systematically built from acoustically 
graded wood. This type of “perceptual” 
testing is often done in the food industry 
to determine the quality of, say, coffee 
beans or wine grapes with trained tasters 
sampling the product in a blinded and 
randomized fashion. 

In our case, the approach was to build 
a series of guitars exactly the same, with 
the exception of the soundboards, that 
were built from wood that varied in its 
acoustical properties across the range 
that is currently delivered to the guitar 
manufacturers. We then had a cadre 
of trained listeners, representative of 

Improving the Acoustic Experience
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the guitar-buying public, express their 
preference in a series of paired compar-
isons of the sound, as played by a single 
professional player. 

We hypothesized that guitars built 
with varying soundboard wood would 
have perceptibly different sound quality 
that would express itself as a significant 
preference for one guitar over another. 
If this first hypothesis is true, then there 
may also be an optimal suite of acoustical 
properties giving rise to the best sound, 
for a guitar of a given design and build.  

In a nutshell, both of our hypotheses 
proved true, to a statistically significant 
degree. We engaged one of the world’s 
experts in the perceptual testing of mu-
sical instruments, Dr. Sebastian Merchel 
of the Department of Acoustics at the 
Technical University of Dresden Germa-
ny. The guitars were built to specification 
in a very rewarding partnership with 
PRT’s long-time client, the Taylor Guitar 
Company. Taylor allowed the use of their 
flagship guitar model, the 814ce “Grand 
Auditorium” model, one of the best-sell-

ing and iconic guitars in the world. 
The studies were quite complex, 

examining three independent variables 
in two sequential studies, but the results 
were clear. For this particular model, 
there exists an optimal combination of 
stiffness and density that gives rise to the 
preferred tonal quality, and the low and 
medium damping wood gives an addi-
tional boost in preferred tonal quality, 
independent of the stiffness and density. 
The high damping wood, on the other 
hand, seemed to have a markedly 
deleterious effect on tone, even when 
the stiffness and density are optimized. 

Bringing the heat to enhance sound
Based on these data, our new acous-

tic grading protocol selects for low and 
medium damping wood, and excludes 
high damping wood. The protocol then 
groups the wood based on stiffness and 
damping, and provides this quantita-
tive information to the guitar builder so 

that they may design their instruments 
around these properties. Once they have 
optimized the guitar to their satisfaction, 
they would then have access to wood of 
similar characteristics for the next guitar, 
or the next thousand in the case of a 
major guitar manufacturer.  

Such a protocol necessarily excludes 
a group of wood that otherwise would 
have previously been made into guitars. 

PHOTOS COURTESY OF DAVE OLSON

Milling soundboards begins with log 
selection. PRT founder Steve McMinn 
(shown here) sources Engelmann spruce 
from the interior montane forests of eastern 
Washington and British Columbia. The 
spruce is then milled. Derek Schmidt, one 
of PRT’s sawyers, is making precise cuts 
of quartersawn spruce with a laser-guided 
headrig. Testing the acoustic quality of the 
soundboard involved a team comprising 
of Dr. Sebastian Merchel, an acoustician, 
the author, guitarist Judith Beckedorf of 
the Dresden Conservatory, and product 
specialist Terry Myers of Taylor Guitar 
Co. The testing was done in the anechoic 
chamber of the Technical University of 
Dresden, Germany.

Continued on next page
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The question arises as to what we do with 
the wood that doesn’t make the grade. 
Is there a possibility of modifying the 
remainder of the wood so that it more 
closely approximates wood with pre-
ferred acoustical properties? Fortunately, 
the answer is yes. There is a relatively new 
technique of thermal modification that 
heats wood in the absence of oxygen, thus 
modifying stiffness, density, and damp-
ing without burning the wood, as would 
occur in the presence of oxygen. There 
are several such techniques available, 
and all have been developed in Europe 
over the past two decades to improve 

the weathering characteristics of lumber 
used for decking or siding. With slight 
modification to the technique, the wood 
can also be improved for the three acous-
tic characteristics. To test the four extant 
techniques for thermal modification, we 
again turned to the German laboratories, 
in this case to noted expert Dr. Alexander 
Pfriem of the University of Sustainable 
Development, outside of Berlin.  

Dr. Pfriem’s approach was to take a 
representative sample of PRT’s wood, 
measure it prior to modification, and 
then send four equivalent cohorts of 
boards to the various companies in 

Germany, Italy, Finland, and the Neth-
erlands, each of whom perform thermal 
modification by slightly different means. 
The instructions to the companies were 
to modify the boards to maximize a 
decrease in density, an increase in stiff-
ness, and a decrease in damping. Once 
performed, the wood was sent back to 
Berlin for post-treatment measurements. 
We jokingly referred to this study as the 
“European World Cup” of spruce thermal 
modification. 

And like the world cup, there was 
a clear winner. The Dutch company 
Firmolin has the most sophisticated 
thermal modification kiln, uniquely able 
to manipulate temperature, humidity, 
and pressure to obtain just the right “rec-
ipe” for ideal thermal modification for 
tonewood. As a result of this study, PRT 
has invested in the only Firmolin kiln cur-
rently in North America, and we are in the 
final stages of testing of this complex de-
vice to bring “evidence-based” thermally 
modified wood to the guitar industry.  

For centuries, makers of stringed 
instruments have been beguiled and 
sometimes bewildered by the variability 
of spruce wood. Part of the genius of the 
classic Italian violin makers had to do 
with their ability to consistently select 
the wood that would give rise to the most 
cherished music in existence. Now, for 
the first time, we can use the science of 
acoustics to unlock the secrets that Strad-
ivari held. In such a way, we can take 
advantage of the wonderful diversity that 
nature gives us, instead of being limited 
by it.   WF

David Olson MS, MD is consultant with 
Pacific Rim Tonewoods. He leverages 
his day job as an ear, nose, and throat 
doctor to improve the sonic properties 
of tonewoods. Olson can be reached at 
d.olson@pacificrimtonewoods.com. 

2022 PNW Leadership Conference—
Growing Leaders

Registration is now open for the 2022 PNW Leadership Conference–“Growing 
Leaders.” This virtual conference is scheduled for November 1-2, 2022, and 
will take place over two half days. 

The conference will feature three 90-minute Leadership Academy modules 
on trust, communication, and teamwork and conflict; these module topics were 
selected through a membership survey that was conducted earlier this year. The 
modules will include downloadable handouts, exercises, and interactive features. 
Complementing the modules will be guest speakers. 

Registration: https://forestry.org/2022-pnw-saf-leadership-conference/
Pricing: $50 SAF members, $75 non-SAF members, $10 students
Conference questions? E-mail conference chair Marisa Bass, marisa.bass@

afmforest.com.
Registration questions? E-mail Melinda Olson, melinda@forestry.org. 

DAY 1—TUESDAY, NOVEMBER 1 
8:00 a.m. Welcome, Review Agenda 
8:15 Leadership Academy Module #1 
9:45 Break 
10:00  Leadership Academy Module #2 
11:30  Lunch 
12:15 p.m. Guest Speaker #1 (includes Q&A) 
1:15  Adjourn 

DAY 2—WEDNESDAY, NOVEMBER 2 
8:00 a.m. Welcome Back to Day 2 
8:15 Leadership Academy Module #3 
9:45 Break 
10:00 Guest Speaker #2 (includes Q&A) 
11:00 Break 
11:15 Guest Speaker #3 (includes Q&A) 
12:15 p.m. “What Incoming SAF Leaders Need To Know” 
 Video or Presentation / Working Lunch 
12:45  Closing Thoughts 
1:00 Adjourn 


